(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



I 



(12) 



(11) BP 0695 598 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) intci.6: B23K 20/04, B21C 37/06 




07.02.1996 Buiietin 1996/06 


(21) 


Application number: 95304635.6 






n»tp nf flllnn- 03 07 1395 

L^CllC \J\ lllll 1^. Ww.Vr • 1 99w 




(84) 


Designated Contracting States: 


(72) Inventors: 




BE DE FR GB 


* Nal^asuji, Kazuyuici 






IHyogo-ken (JP) 


(30) 


Priority: 12.07.1994 JP 160188/94 


• ilcenaga, Yoshiaici 






Cliiba-lcen (JP) 


(71) 


Applicant: 


• Talceda, Seiicliiro 




DORYOKURO KAKUNENRYO KAiHATSU 


lbaraki-l<en (JP) 




JIGYODAN 


• Nagai, Talcayuici 




Tolcyo-to (JP) 


ibaralci-lcen (JP) 






(74) Representative: Cliariton, Peter Jolin 






Sevenoalcs, Kent TN13 1XR (GB) 



(54) Method of manufacturing dissimilar metal transition pipe joint 

(57) A method of manufacturing a large-diameter dissimilar metal transition pipe joint having a high bonding strength 
is provided. A cylindrical inner (12) and outer (1 3) layer members of a metal having high deformation resistance and a 
cylindrical intermediate layer (14) member of metal having low deformation resistance are fitted together with the inter- 
mediate layer member interposed between the outer and inner layer members. The assembled composite pipe is sub- 
jected to hot rolling using a rotary rolling mill provided with three or four rolls to thereby form a clad pipe (17) in which 
the layer members are bonded. A dissimilar metal transition pipe joint (17) is produced by leaving a portion of the outer 
or inner layer member at one end portion of the clad pipe with the remaining layer members removed, and leaving a 
portion of the intermediate layer member at the other end portion of the clad pipe with the remaining layer members 
removed. When a combination of metals which produces an intermetallic compound in the interfaces is employed, tan- 
talum layers are interposed among these layer members. 
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Description 

This invention relates to a method of manufacturing a dissimilar metal transition pipe joint which is used to connect 
together tubular parts formed out of different kinds of metals. 

5 In nuclear facilities, there is conventionally employed a connection of pipes formed out of different metals, e.g. 

connection of a pipe of a high corrosion-resistant stainless steel or a nickel-base alloy such as Inconel (name of a 
commercial product), and a pipe of pure zirconium or a zirconium alloy such as zircaloy (which will hereinafter be gen- 
erally called a zirconium material) or pure titanium or a titanium alloy such as Ti-5%Ta (which will hereinafter be generally 
called a titanium material). Especially, the zirconium material and the titanium material have a high corrosion resistance 

10 and a very small thermal neutron absorption cross section, so that they are used as materials for a piping system in a 
strong acid liquid recovery apparatus, a nuclear reactor and the like. 

On the other hand, in a piping system for a plant in which cryogenic substances such as LNG (liquefied nitrogen 
gas), LPG (liquefied petroleum gas) and the like are used, there is employed a connection of pipes formed out of different 
materials, such as a pipe of a stainless steel or a nickel-base alloy, and a pipe of aluminum or an aluminum alloy. 

15 In order to meet the severe using condition of such a connection of pipes of different materials, improvements have 

been made on methods for connecting different kinds of metals. For example, methods for connecting pipes of different 
materials using a clad bonding method or a diffusion bonding method have been proposed in place of mechanical 
connecting methods using a flange joint or a screw joint. Regarding the clad bonding method, an explosive cladding 
method was proposed in Japanese Patent Publication No. 4-71 636 (1 992), and, regarding the diffusion bonding method, 

20 a rolling diffusion bonding method was proposed in Japanese Patent Publication No. 6-9749 (1 994) filed by the inventors 
of the present invention. 

The former method, i.e. the explosive cladding method (Japanese Patent Publication No. 4-71636) is a method 
comprising the steps of producing a double pipe by an explosive cladding operation, and then explosive-cladding another 
metal pipe to this double pipe to obtain a triple clad pipe. There is another method of this kind, in which three kinds of 

25 pipes, for example, pipes of Zr, Ta and SUS are fitted one in another in three layers with clearances left thereamong, 
and the resultant product is bonded together by explosive cladding at once to obtain a triple clad pipe. In these explosive 
cladding methods, a large-scale apparatus and a large place in which the methods are practiced are required, and the 
productivity becomes low. Since an explosive cladding method is a processing method causing materials to be locally 
deformed to a considerable degree, the selection of the materials to be combined is limited greatly, and cladding of the 

30 materials having greatly different deformation resistances is difficult. 

In order to solve the problems in the explosive cladding method, two of the inventors of the present invention pro- 
posed the rolling diffusion bonding method (Japanese Patent Publication No. 6-9749). In this rolling diffusion bonding 
method, a dissimilar metal transition joint of a stainless steel or a nickel-base alloy and a zirconium material or a titanium 
material is manufactured. Namely, an inner layer member having a circular cross-section and formed out of, for example, 

35 a zirconium material or a titanium material is fitted in a tubular outer layer member formed of, for example, a stainless 
steel or a nickel-base alloy, with a tantalum layer interposed between the inner and outer layer members, to obtain a 
composite material. The resultant composite material having two fitted layer members is diffusion-bonded by hot rolling 
to form a diffusion-bonded clad rod. Then, the outer layer member and the tantalum layer are removed at one end portion 
of the clad rod, and the inner layer member and the tantalum layer are removed at the other end portion of the clad rod 

40 to obtain a dissimilar metal transition joint. Since this method is a rolling method, the dissimilar metal transition joint can 
be manufactured easily with a high productivity. However, in order to manufacture a dissimilar metal transition joint 
having a large outer diameter, for example, not less than 60 mm, it is difficult in some cases to provide the two layer 
members with a bonding capability which is substantially equal to that of a dissimilar metal transition joint having a 
smaller outer diameter. 

45 Namely, when a solid composite material is rolled during the manufacture of a dissimilar metal transition joint having 

a large outer diameter, the compression stress occurring during a rolling operation is not imparted to a central portion 
of the inner layer member due to a large sectional area of the inner layer member in comparison with that of the outer 
layer member. Moreover, when the inner layer member of the composite material is formed out of a metal the deformation 
resistance of which is lower than that of the outer layer member, the compression stress is not uniformly imparted to the 

50 whole of the inner layer member. For these reasons, there are some cases where an excellent bonding capability of the 
inner and outer layer members is not obtained. Also in a composite material having a hollow inner layer member, the 
deformation resistance of the inner layer member is lower than that of the outer layer member, so that the compression 
stress imparted to an interface therebetween lowers. This causes a force for bonding the inner and outer layer members 
with each other to lower. Under these circumstances, it has been desired that a clad pipe of different materials having 

55 increased bonding capability can be manufactured without causing the post-rolling bonding strength of layer members 
to decrease even when a dissimilar metal transition pipe joint having a large diameter is manufactured. 

The present invention has been developed in view of these facts, and an object thereof is to provide a method of 
manufacturing a large-diameter dissimilar metal transition pipe joint having high bonding capability and bonding strength 
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by fitting outer and inner layer members of a metal pipe having a high deformation resistance around and in the outer 
surface and inner surface of an intermediate layer member of a metal pipe having a low deformation resistance, and 
rolling the resultant composite pipe. 

The invention according to claim 1 is a method of manufacturing a dissimilar metal transition pipe joint both of axial 

5 end portions of which comprise metal pipes formed out of different kinds of metals, characterized in that it comprises 
the steps of fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an 
intermediate layer member of a metal pipe of a low deformation resistance with the intermediate layer member interposed 
between the inner and outer layer members to thereby form a composite pipe; heating the composite pipe; rolling the 
heated composite pipe at an elongation ratio of 1 .05 to 1 .25 by using a rotary rolling mill provided with three or four rolls 

10 to thereby form a clad pipe; leaving a portion of the outer or inner layer member at one end portion of the clad pipe with 
the remaining layer members removed; and leaving a portion of the intermediate layer member at the other end portion 
of the clad pipe with the remaining layer members removed. 

The invention according to claim 2 is a method of claim 1 wherein the inner and outer layer members are formed 
out of a stainless steel or a nickel-base alloy the intermediate layer member is formed out of aluminum or an aluminum 

15 alloy, and the composite pipe is heated to 450 to 620 °C. 

The invention according to claim 3 is a method of manufacturing a dissimilar metal transition pipe joint both of axial 
end portions of which comprise metal pipes formed out of different kinds of metals, characterized in that it comprises 
the steps of fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an 
intermediate layer member of a metal pipe of a low deformation resistance with the intermediate layer member interposed 

20 between the inner and outer layer members and with tantalum layers interposed between the inner and intermediate 
layer members and between the intermediate and outer layers members to thereby form a composite pipe; heating the 
composite pipe; rolling the heated composite pipe at an elongation ratio of 1.05 to 1.25 by using a rotary rolling mill 
provided with three or four rolls to thereby form a clad pipe; leaving a portion of the outer or inner layer member at one 
end portion of the clad pipe with the remaining layer members removed; and leaving a portion of the intermediate layer 

25 member at the other end portion of the clad pipe with the remaining layer members removed. 

The invention according to claim 4 is a method of claim 3 wherein the inner and outer layer members are formed 
out of a stainless steel or a nickel-base alloy the intermediate layer member is formed out of a zirconium material or a 
titanium material, and the composite pipe is heated to 800 to 1200 °C. 

The invention according to claim 5 is a method of claim 1 , 2, 3 or 4 wherein the metal pipe of the outer layer member 

30 has a ratio of a wall thickness thereof to an outer diameter thereof of not more than 0.08. 

In the method of claim 1 , the metal pipes of a high deformation resistance are fitted around and in the outer surface 
and inner surface respectively of the intermediate layer member of the metal pipe of a low deformation resistance. 
Therefore, the compression stress occurring during the rolling of the composite pipe works not only on the outer surface 
of the intermediate layer member but also on the inner surface thereof. Since the rotary rolling mill having three or four 

35 rolls is used in the pipe rolling operation, additive shearing strain is imparted on the interfaces among the layer members, 
whereby the bonding capability among the layer members can be improved. Owing to these effects, the behavior of 
deformation of the intermediate layer member is restricted, and this layer member is deformed cross-sectionally uni- 
formly, the force for bonding the intermediate and outer layer members and the force for bonding the intermediate and 
inner layer members increasing. If a mandrel is used during the rolling operation, compressing stress the level of which 

40 is substantially equal to that of the compression stress imparted to the outer surface of the intermediate layer member 
can be imparted to the inner surface thereof, so that the bonding capability among the layer members is improved. 

The method of claim 2 has, in addition to the feature of the invention of claim 1 , the feature that the inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy and the intermediate layer member is formed 
out of aluminum or an aluminum alloy having a deformation resistance lower than that of the stainless steel or nickel-base 

45 alloy, whereby the compression stress is imparted to the intermediate layer member from the inner and outer surfaces 
thereof by the inner and outer layer members which comprise the same kind of metal to improve the bonding capability 
among the layer members. Since the heating temperature is 450 to 620 °C, the intermediate layer member of aluminum 
or aluminum alloy is not melted. 

The invention of claim 3 is preferable in the case where a combination of metals which produces an intermetallic 

50 compound in the bonding interfaces is employed. The production of such an intermetallic compound is undesirable 
because it is brittle or has a low corrosion resistance. In the invention of claim 3, the three layer members are fitted 
together with the tantalum layer interposed between the intermediate and the outer layer members and between the 
intermediate and inner layer members, to thereby prevent the production of the intermetallic compound in the bonding 
interfaces of the composite pipe. Thus the bonding capability among the layer members in the rolled clad pipe is im- 

55 proved. 

The method of claim 4 has, in addition to the feature of the invention of claim 3, the feature that the inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy the intermediate layer member is formed out 
of the zirconium material or titanium material having a deformation resistance lower than that of the stainless steel or 
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nickel-base alloy, and the tantalum layers are provided in the bonding interfaces of these layer mennbers, whereby the 
compression stress is imparted to the intermediate layer member from the inner and outer surfaces thereof by the inner 
and outer layer members which comprise the same kind of metal to improve the bonding capability among the layer 
members. Since the heating temperature is 800 to 1200 °C, the intermetallic compound of a tantalum-iron or tanta- 
s lum-nickel material which is brittle or has a low corrosion resistance is not produced in the bonding interfaces of these 
layer members. 

In the method of claim 5, a dissimilar metal transition pipe joint having a higher bonding capability among the layer 
members and a higher bonding strength of the pipe joint can be manufactured by assembling the composite pipe using 
the outer layer member having a ratio of the wall thickness thereof with respect to the outer diameter thereof of not more 
10 than 0.08. 

Preferred embodiments of the invention will now be described, by way of example, with reference to the accompa- 
nying drawings, of which; 



15 



Fig. 1 is a sectional front elevation of a composite pipe in the first embodiment of the present invention; 
Fig. 2 is a partially cutaway view in side elevation of the composite pipe shown in Fig. 1 ; 
Fig. 3 is a schematic diagram showing a rotary rolling mill used in practicing the present invention; 
20 Fig. 4 is a front elevation taken along the line IV-IV in Fig. 3; 

Fig. 5 is a side elevation showing an angle of roll-axis's inclination p in the rotary rolling mill shown in Fig. 3; 

Fig. 6 is a partially sectioned side elevation of a dissimilar metal transition pipe joint manufactured by the first embod- 
25 iment of the present invention; 

Fig. 7 is a sectional front elevation of another composite pipe in the second embodiment of the present invention; 

Fig. 8 is a partially cutaway view in side elevation of the composite pipe shown in Fig. 7; 

30 

Fig. 9 is a schematic section showing a method of examining the bonding strength, i.e. shearing strength of a 
transition pipe joint; and 

Fig. 10 is front and side elevations showing the shape of a corrosion resistance test specimen for use in examining 
35 the corrosion resistance of a transition pipe joint. 

Fig. 1 is a sectional front elevation of a composite pipe and Fig. 2 is a partially cutaway view in side elevation thereof 
in which a reference numeral 10 denotes an assembled composite pipe formed by fitting layer members together. This 
assembled composite pipe 1 0 comprises an inner cylindrical layer member 1 1 formed out of a stainless steel or a nick- 

40 el-base alloy, an intermediate cylindrical layer member 1 2 formed out of a zirconium material or a titanium material and 
fitted around an outer surface of the inner layer member 1 1 , an outer cylindrical layer member 1 3 formed out of a stainless 
steel or a nickel-base alloy and fitted around an outer surface of the intermediate layer member 12, and tantalum layer 
14 of Ta foil and interposed between the respective interfaces. Narrow clearances formed between the inner and outer 
layer members 11, 13 in the assembled composite pipe 10 is made vacuous (not more than 1 X 10 Torr), and an 

45 annular lid member 15 is then fitted to each of both end portions of the intermediate layer member 12 in the composite 
pipe 10 so as to seal the same clearances. The resultant composite pipe 10 is heated in a heating furnace (not shown), 
and then sent to a rotary rolling mill. The reason why the narrow clearances between the inner and outer layer members 
11, 1 3 is made vacuous is to avoid the production of an oxide in the interfaces of these layer members when the composite 
pipe 10 is heated. 

50 Fig. 3 is a schematic diagram showing a rotary rolling mill used in practicing the present invention. Fig. 4 is a front 

elevation taken along the line IV-IV in Fig. 3, and Fig. 5 is a side elevation showing an angle of roll-axis's inclination p 
(which will hereinafter be called a feed angle). Fig. 3 is a sectional view taken along the line Ill-Ill in Fig. 4. The rotary 
rolling mill 4 has three conical rolls 1 , 2, 3 arranged along and around a pass line X-X. The three rolls 1 , 2, 3 are provided 
with gorges la, 2a, 3a in outlet side end portions thereof. Each of these rolls has a gradually decreasing diameter 

55 extending from the gorge toward the inlet side end portion of the roll and a gradually increasing diameter extending from 
the gorge toward the outlet side end portion of the roll. Thus these rolls have frusto-conical inlet surfaces 1 b, 2b, 3b and 
outlet surfaces 1c, 2c, 3c. On the outlet surfaces 1c, 2c, 3c, a distance between them and the pass line is set equal to 
that between the gorges and the pass line. 
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All of such conical rolls 1, 2, 3 are arranged so that the inlet surfaces 1b, 2b, 3b thereof are positioned on the 
upstream side with respect to the direction of movement of the composite pipe 1 0, and intersections O (which will here- 
inafter be referred to as roll setting centers) of axes Y-Y and planes including the gorges 1a, 2a, 3a are arranged on the 
same plane which falls at right angle with the pass line X-X of the composite pipe 1 0 and spaced at substantially regular 

5 intervals around the pass line X-X. The axis Y-Y of each roll 1 , 2, 3 crosses the pass line X-X of the composite pipe 10 
at a crossed axes angle of y (which will hereinafter be called a cross angle) so as to be inclined with respect to the pass 
line. Thus, a front end portion of the axis Y-Y approaches the pass line X-X, and the front end portion of the axis Y-Y is 
inclined at a feed angle p to the same side in the circumferential direction of the composite pipe 10 as shown in Figs. 4 
and 5. The rolls 1 , 2, 3 are connected to a driving power source (not shown) and rotated in the same direction as shown 

10 by arrows in Fig. 4. The heated composite pipe 10 pinched among the rolls 1 , 2, 3 is moved in its axial direction as it is 
rotated around the axis thereof. Namely, the composite pipe 10 is helically transferred. 

The composite pipe 10 is drawn at an outer surface portion thereof by roll bite portions A as shown in Fig. 3, while 
it is helically moved by the rolls 1 , 2, 3, and pressing surfaces B of the composite pipe 10 is molded frusto-conically, the 
pipe 10 being then turned into a cylindrical clad pipe 16 having an outer diameter determined by the gorges and outlet 

15 surfaces of the rolls. This rotary rolling mill 4 has three rolls as described above, and a rotary rolling mill having four rolls 
is also operated in the same manner as mentioned above. 

In the composite pipe 10 formed by the above-described manufacturing steps, tantalum layers 14 are provided in 
an interface between the inner and intermediate layer members 11,12 and in an interface between the intermediate 
and outer layer members 1 2, 1 3. Since tantalum minimizes the production of a noxious intermetallic compound between 

20 different metal materials, the provisions of the tantalum layers 14 serves to improve the bonding strength among the 
layer members and corrosion resistance of the product pipe. 

The set conditions for the above-mentioned hot rolling will now be described. 

(1) A composite pipe is heated to a temperature in the range from 800°C to 1200°C. 

25 

(2) An elongation ratio (length L of the pipe measured after rolling/length Lq thereof measured prior to rolling) is set 

to 1.05-1.25. 



The reasons for having determined these set conditions as mentioned above will be described. First, the reason 
30 why the upper limit of the heating temperature is set to 1200°C is that, when the temperature exceeds 1300°C, an 
intermetallic compound of Ta-Fe or Ta-Ni is formed to cause a composite pipe to be embrittled. The processing heat 
occurs during a rolling operation in a rotary rolling mill used in the present invention, so that the upper limit of the heating 
temperature is set to 1200°C taking a temperature rise owing to the processing heat into consideration. The reason why 
the lower limit of the heating temperature is set to 800°C is to diffusion-bond the layer members at the interfaces thereof 
35 during the rolling of the pipe. When this temperature does not reach 800°C, the diffusion bonding of the layer members 
is adversely affected. 

The elongation ratio will now be described. When ULq exceeds 1.25, the assembled composite pipe 10 bulges 
among the rolls 1 , 2, 3, and the cross-sectional shape of the pipe 10 being rolled becomes polygonal, i.e., triangular to 
pentagonal. In addition, a flaring phenomenon occurs, and the rolling of the composite pipe becomes impossible. When 

40 uLq is lower than 1 .05, the bonding capability and bonding strength of the interfaces of a clad pipe 16 decrease. 

The reasons why a rotary rolling method, not a groove rolling method, is used as a hot rolling method in the present 
invention will be described. A groove rolling method for pipes is a method of carrying out a multi-pass rolling operation 
by properly arranged rolls having oval or round grooves, and the cross-sectional shape of the pipe being pressed in 
each pass becomes non-circular. Therefore, when a composite pipe formed by layer members of extremely different 

45 deformation resistances is rolled using the groove rolling method, an intermediate layer member stretches in the rolling 
direction, and the inner and outer layer members are deformed in the direction perpendicular to the rolling direction. 
Consequently, clearances occur between the inner and outer layer members and intermediate layer member of the pipe 
in each pass, and a clad pipe in which the layer members are perfectly bonded together cannot be obtained. 

For the above reasons, the present invention employs a rotary rolling method, an axially symmetrical processing 

50 method, by which the composite pipe 1 0 is subjected to rotary rolling so that the bonding strength of the layer members, 
which is insufficiently low in a pipe obtained by a conventional groove rolling method, can be increased to a satisfactorily 
high level. As a result, diffusion is promoted on the interfaces of the metals of the composite pipe 10 heated to 800 to 
1200°C, and the diffusion bonding of the layer members becomes possible. Even when a small amount of intermetallic 
compound is formed by this hot rotary rolling operation, the thickness of the layers of the intermetallic compound is 

55 reduced owing to the circumferential shearing strain exerted on the bonding interfaces of the layer members, so that a 
clad pipe 16 having a high layer member bonding capability can be manufactured. 

The reason why a rotary rolling mill having three or four conical rolls is used resides in that, when a rotary rolling 
mill having two rolls is used, the cross-sectional shape of a composite pipe 10 becomes elliptic, and retaining a circular 
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cross-sectional shape during a rolling operation becomes difficult. In a rotary rolling mill having not less than five rolls, 
it is difficult for the mechanical designing of the machine to select the bearings to be provided in a roll-retaining chock 
portion, so that such a rolling mill is not practical. 

The rolling of a composite pipe 10 by using a rotary rolling mill with three of four rolls may be done with the pipe 10 
5 supported on mandrel inserted in the hollow thereof. In this case, the outer diameter of the mandrel is preferably set a 
little larger, for example, 1 -3 mm larger than the inner diameter of a clad pipe 16 which has been rolled without using a 
mandrel. 

From clad pipe 16 manufactured in this manner, the whole length of an inner layer member 11 is removed. At one 
end portion of this clad pipe, all layer members except an intermediate layer member 12 are removed, and, at the other 

10 end portion thereof, all layer members except an outer layer member 1 3 are removed, to form a dissimilar metal transition 
pipe joint 17 as shown in Fig. 6. Both end portions of the dissimilar metal transition pipe joint 17 thus formed and two 
pipes Q, R of different materials are abutted at the layer members of the same material against each other, and welded. 
Namely, for example, an outer layer member 13 of SUS of the dissimilar metal transition pipe joint 17 and a right-side 
pipe R formed out of SUS are welded, and an intermediate pipe member 12 of Zr of the transition pipe joint 17 and a 

15 left-side pipe Q formed out of Zr. 

By welding two pipes Q, R of different materials to the members of the corresponding materials of the transition 
pipe joint 17 at the abutted end portions thereof, a pipe Q of a zirconium material or a titanium material and a pipe R of 
a stainless steel or a nickel-base alloy can be connected together by a dissimilar metal transition pipe joint 17. In the 
above embodiment, a dissimilar metal transition pipe joint formed out of a stainless steel or a nickel-base alloy and a 

20 zirconium material or a titanium material is described, and this transition pipe joint can also be manufactured even when 
pure aluminum or an aluminum alloy is used instead of the zirconium material or titanium material. A dissimilar metal 
transition pipe joint using pure aluminum or an aluminum alloy will now be described below. 

Fig. 7 is a sectioned front elevation of composite pipe in the second embodiment of the present invention, and Fig. 
8 is a partially cutaway view in side elevation thereof, in which figures a reference numeral 20 denotes an assembled 

25 composite pipe. The composite pipe 20 is formed by fitting a cylindrical intermediate layer member 22 of pure aluminum 
or an aluminum alloy around an outer surface of a cylindrical inner layer member 21 of a stainless steel or a nickel-base 
alloy and then a cylindrical outer layer member 23 of a stainless steel or a nickel-base alloy around an outer surface of 
the intermediate layer member 22. Although Ta layers are interposed between the cylindrical layer members in the 
previously-described first embodiment of Fig. 1 using a zirconium material or a titanium material, it is not necessary to 

30 interpose Ta layers between the layer members of the second embodiment of Fig. 7, since the material such as pure 
aluminum or an aluminum alloy does not cause an intermetallic compound, which gives rise to imperfect bonding of 
layer members, to produce in the surface to be bonded with the material such as a stainless steel or a nickel-base alloy. 

Such a composite pipe 20 is sealed at both ends thereof with annular lid members 25, 25 after narrow clearances 
formed between the inner and outer layer members 21 , 23 have been made vacuous (not more than 1 X lO-"" Torr), 

35 and the pipe 20 is then heated in a heating furnace (not shown), and the heated pipe is sent to a rotary rolling mill. The 
set conditions for a hot rolling operation to be conducted will be described below. 

(1 ) A composite pipe is heated to a temperature in the range from 450°C to 620°C. 

40 (2) An elongation ratio (length L of the pipe measured after rolling/length Lq thereof measured prior to rolling) is set 

to 1.05-1.25. 

The reason why the upper limit of the heating temperature is set to 620°C is that, when the temperature exceeds 
660°C, the aluminum is melted. Since processing heat occurs during a rolling operation in a rotary rolling mill used in 

45 the present invention, the upper limit of the heating temperature is set to 620°C taking a temperature rise owing to the 
processing heat into consideration. The reason why the lower limit of the heating temperature is set to 450°C is to 
diffusion-bond the layer members at the interfaces thereof during the rolling of the pipe. When this temperature does 
not reach 450°C, the diffusion bonding of the layer members cannot be done satisfactorily. 

The composite pipe 20 thus heated is rolled by using a rotary rolling mill shown in Figs. 3 to 5. The composite pipe 

50 is drawn at its outer surface while it is helically moved by the rolls 1 , 2, 3, and turned into a cylindrical clad pipe of a 
predetermined outer diameter at the gorge portions and outlet surfaces. The same rotary rolling mill and rolling condition 
as with the first embodiment are available also in the second embodiment, so that their explanations are omitted. 

From a clad pipe thus manufactured, the whole length of inner layer member 21 is removed. At one end portion of 
this clad pipe, all layer members except an intermediate layer member 22 are removed, and, at the other end portion 

55 thereof, all layer members except an outer layer member 23 are removed, to form a dissimilar metal transition pipe joint. 
Accordingly, by using this dissimilar metal transition pipe joint, a pipe of a stainless steel or a nickel-base alloy and a 
pipe of pure aluminum or an aluminum alloy can be connected. 
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Manufacturing Example: 

Transition pipe joint samples were manufactured using the following materials and operations. 
5 [Example 1] 

Outer layer member 1 3: 

a pipe of SUS 304L, 97.3 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t(wall 
thickness)/D(outer diameter) = 0.053 
10 Intermediate layer member 12: 

a pipe of Pure Zr, 86.4 mm in outer diameter X 76.1 mm in inner diameter X 290 mm in length, t/D = 0.06 
Inner layer member 11: 

a pipe of SUS 304, 75.5 mm in outer diameter X 65.2 mm in inner diameter X 300 mm in length, t/D = 0.068 
Tantalum layer 14: 

15 a foil of Pure Ta, 0.1 mm in thickness X 100 mm in width 

[Example 2] 

Outer layer member 1 3: 

20 a pipe of SUS 304L, 97.3 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.053 

Intermediate layer member 12: 

a pipe of Ti-5%Ta, 86.4 mm in outer diameter X 76.1 mm in inner diameter X 290 mm in length, t/D = 0.06 
Inner layer member 11 : 

a pipe of SUS 304, 75.5 mm in outer diameter X 65.2 mm in inner diameter X 300 mm in length, t/D = 0.068 
25 Tantalum layer 1 4: 

a foil of Pure Ta, 0.1 mm in thickness X 100 mm in width 
The components of the materials described in Examples 1 and 2 are shown in Tables 1 and 2. 



Table 1 



30 



Material 


C 


Si 


Mn 


P 


s 


Ni 


Cr 


SUS 304L 


0.015 


0.51 


1.52 


0.027 


0.004 


10.83 


18.25 


SUS 304 


0.04 


0.48 


1.50 


0.030 


0.005 


11.0 


18.15 



35 



Table 2 



40 



45 



50 



Material 


C 


Fe+Cr 


Ta 


O 


N 


H 


Hf 


Ti 


Pure Zr 


0.003 


0.146 




ai23 


0.0017 


0.0003 


0.0048 


rest 


Ti- 

5%Ta 

alloy 


0.006 


0.026 


4.63 


0.081 


0.005 


0.0008 




rest 


Material 


Al 


Mg 


a 




Pure Al (1050) 


Not less than 995 






Al alloy (5052) 


xest 


2.5 


0.25 



By using the materials described in Examples 1 and 2, composite pipe 10 were manufactured in accordance with 
the following method. An inner layer member 11, an intermediate layer member 12, an outer layer member 13 and a 
tantalum layer 14 were degreased and washed, and the tantalum layer 14 was then wound around the inner layer 
member 1 1 , and the resultant product is inserted into the intermediate layer member 1 2. The tantalum layer 1 4 was then 
wound around the intermediate layer member 12, and the resultant product was inserted into the outer layer member 
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13. Both end portions of the connposite pipe thus obtained were sealed with stepped annular lid members 15, 15 (Fig. 
2) in a vacuous condition of 3 X 10"^ Torr with an electron beam, and then subjected to seal-welding. The annular lid 
members 15 were formed out of the same material as the intermediate layer member 12. 

5 [Example 3] 

Outer layer member 23: 

a pipe of SUS 304L, 97.3 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.053 
Intermediate layer member 22: 

10 a pipe of Pure Al, 86.4 mm in outer diameter X 76.1 mm in inner diameter X 290 mm in length, t/D = 0.06 

Inner layer member 21 : 

a pipe of SUS 304, 75.5 mm in outer diameter X 65.2 mm in inner diameter X 300 mm in length, t/D = 0.068 
[Example 4] 

15 

Outer layer member 23: 

a pipe of SUS 304L, 97.3 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.053 
Intermediate layer member 22: 

a pipe of Aluminum alloy 5052, 86.4 mm in outer diameter X 76. 1 mm in inner diameter X 290 mm in length, 

20 t/D = 0.06 

Inner layer member 21 : 

a pipe of SUS 304, 75.5 mm in outer diameter X 65.2 mm in inner diameter X 300 mm in length, t/D = 0.068 
The components of the materials described in Example 3 and 4 are shown in Table 1 and 2. 
By using the materials described in Examples 3 and 4, composite pipes were manufactured in accordance with the 
25 following method. An inner layer member 21 , an intermediate layer member 22 and an outer layer member 23 were 
degreased and washed. The inner layer member 21 was then inserted in the intermediate layer member 22, and the 
resultant product in the outer layer member 23. Both end portions of the composite pipe thus obtained were sealed with 
stepped annular lid members 25, 25 (Fig. 8) in a vacuous condition of 3 X 10"^ Torr with an electron beam, and then 
subjected to seal-welding. The annular lid members 25 were formed out of the same material as the intermediate layer 
30 member 22. 

The composite pipes thus manufactured using the materials in Examples 1 to 4 were heated and subjected to rotary 
rolling to obtain clad pipes. The rolling conditions used in this operation include: 
cross angle ( y ): 3° , 
feed angle ( P ): 9° , 
3S diameter of roll: 210 mm, 

number of revolutions per minute of roll : 50 rpm, 
mandrel: 52 mm in diameter, if used. 
The rolling operations were carried out at a heating temperature of 900** in Examples 1 , and 2, and at 550** C in 
Examples 3 and 4. The pipes were rolled at various elongation ratios as shown in the rolling pass schedules a-f, in Table 3. 

40 

Table 3 



Symbol 


Pass schedule 


Mandrel 


Elongation ratio 


a 


97.3(|) 92.7(t) 


not used 


1.02 


b 


97.30 86. Oct) 


not used 


1.05 


c 


97.3(|) 81.5(t) 


not used 


1.25 


d 


97.3(|) 80.0(1) 


not used 


1.30 


e 


97.3(|) 87.6(|) 


used 


1.10 


f 


97.3(|) 86.4(|) 


used 


1.20 



From each of the clad pipes manufactured using the materials in Examples 1 to 4, the whole length of the inner 
layer member 11 and tantalum layer (in Examples 1 and 2) or the whole length of the inner layer member 21 ( in Examples 

3 and 4) were removed. The outer layer member 13 or 23 alone was left at one end portions of the pipe, and the 
intermediate layer member 12 or 22 alone was left at the other end portion of the pipe, to thereby obtain transition pipe 
joint samples. 
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Determination of bonding strength: 



The bonding strength, i.e. shearing strength of the transition pipe joint samples was determined by a method sche- 
matically shown in Fig. 9 in which a transition pipe joint sample manufactured using the materials in Example 1 is ex- 

5 emplarily illustrated. A specimen 1 7a is obtained by cutting the length of the outer layer member 1 3 of the transition pipe 
joint 17 to a predetermined length h, and reducing the outer diameter of the intermediate layer member 12 to a level 
slightly smaller than that of its original diameter D. Two specimens are prepared with respect to each pipe joint sample. 
A support member 1 8, which is provided with a circular opening having the diameter slightly larger than the outer diameter 
D of the intermediate layer member 12, is disposed so that an end portion of the outer layer member 13 engages an 

10 edge portion of the opening of the support member 18. A pressing force is then applied to the specimen 17a from the 
top side of the intermediate layer member 1 2 to measure a load P which causes the intermediate and outer layer members 
12, 13 to be broken. The measured value of the load P is substituted for P in the equation (I) to calculate a shearing 
strength. The results obtained for two specimens for each pipe joint sample are shown in Table 4. 

Shearing strength = P/( ti X D X h) (I) 

15 

Table 4 



Symbol 


Shearing strength (N/mm^) 


SUS 304L/Zr 


SUS 304IJTi-5%Ta 


SUS 304L/AI(1050) 


SUS 304I_/AI alloy (5052) 


a 


152 


161 


148 


154 


30.5 


32.4 


60.2 


68.5 


b 


279 


292 


281 


295 


61.8 


64.5 


140 


143 


c 


323 


331 


314 


338 


62.5 


68.0 


156 


159 


d 


not rollable 


not rollable 


not rollable 


not rollable 


e 


302 


318 


296 


307 


62.3 


65.3 


145 


151 


f 


322 


335 


313 


328 


63.1 


67.7 


149 


156 



From the results shown in Table 4, it is understood that, with respect to all pipe joint samples, specimens d in which 

30 

the elongation ratio is in excess of 1 .25 are unable to be rolled. It is also understood that, in the specimens a in which 
the elongation ratio is 1.02, the shearing strength becomes extremely low as compared with those of the specimens b 
in which the elongation ratio is 1 .05. Accordingly, it can be said that, in order to manufacture a dissimilar metal transition 
pipe joint having a high bonding strength, the elongation ratio is preferably set to not lower than 1.05 and not higher 
than 1 .25. 

35 

Determination of bonding ratio in bonded interface: 



From the clad pipes manufactured using the materials in Examples 1 to 4 and in accordance with the pass schedules 
shown in Table 3, the inner layer member 11 or 21 was removed to prepare specimens of double layered clad pipe of 
a predetermined length. These specimens were subjected to an ultrasonic flaw detecting test to determine a bonding 
ratio in the bonded interface. The flaw detecting conditions are as follows. 



Flaw Detector: HI SI (manufactured by Japan Krautkramer Bronson K.K.) 

Probe: V377 (manufactured by Panametrics K.K.) 



Indicating method: 

Frequency: 30 MHz 

Diameter of vibrator: 0.25 in. 

Focal distance: 2 in. in water. 
The whole surface of each clad pipe sample was subjected to measurement. The results show that the specimen 
a had the bonding ratio in the bonded interface of 70-90%, and that the specimens b, c, e and f had the bonding ratio 
in the bonded interface of 100%. Therefore, it can be said that, in order to manufacture a dissimilar metal transition pipe 
joint having a high bonding ratio, the elongation ratio is preferably set to not lower than 1 .05 and not higher than 1 .25. 
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Relationship between t (wall thickness) and D (outer diameter) of outer layer member: 



Transition pipe joint samples were manufactured in the same manner as described above using the materials of 
Examples 1 to 4 except that outer layer members of various outer diameter as described in the following Examples 5 
s to 8 were used. The rolling conditions for these transition pipe joint samples include an elongation ratio of 1 .20 with a 
mandrel used. 

[Example 5] 

10 Outer layer member: 

a pipe of SUS 304L, 1 00 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.065 

[Example 6] 

15 Outer layer member: 

a pipe of SUS 304L, 1 03 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.078 

[Example 7] 

20 Outer layer member: 

a pipe of SUS 304L, 1 06 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.090 

[Example 8] 

25 Outer layer member: 

a pipe of SUS 304L, 1 08 mm in outer diameter X 87.0 mm in inner diameter X 300 mm in length, t/D = 0.097 
As a result, all samples in which pure Zr, Ti-5%Ta, pure aluminum or an aluminum alloy were used forthe intermediate 
layer members in Example 7 having t/D = 0.090 and Example 8 having t/D = 0.097 were found to have a small number 
of unbonded portions between the outer and intermediate layer members. In Example 5 having t/D = 0.065 and Example 

30 6 having t/D = 0.078, unbonded portions did not occur, and the shearing strength of bonded interfaces was substantially 
equal to that of the specimens f in Table 4. Therefore, it can be said that excellent rolling operations could be carried 
out in Examples 5 and 6. In view of these facts, it is understood that, in order to manufacture a dissimilar metal transition 
pipe joint having a high bonding surface ratio and a high bonding strength, the ratio of the wall thickness t to the outer 
diameter D of the outer layer member of the composite pipe is preferably set to not higher than 0.08. 

35 

Examination of corrosion resistance: 

In order to examine the corrosion resistance of the transition pipe joint samples of Examples 1 and 2, semi-circular 
corrosion test specimen 17b of 3 mm in width shown in Fig. 10 was prepared by cutting the bonded portion of the pipe 
40 joint sample along a plane perpendicular to the rolling direction. A reference letter r in Fig. 10 denotes the diameter of 
the pipe joint sample. A dissimilar metal transition pipe joint in which a tantalum layer 1 4 is not provided was manufactured 
as a comparative example of Examples 1 and 2, and a corrosion test specimen was prepared in the same manner as 
mentioned above. 

The measurement of the corrosion resistance of the specimens was conducted as follows. A corrosion resistance 
45 test liquid shown below was heated, and corrosion resistance test specimens 1 7b were immersed in the test liquid which 
had reached its boiling point, and kept immersed for 120 hours. The corrosion depth of the bonded interfaces was then 
measured by a cutting microscopic method (500 magnifications). 
Corrosion Test Liquid: 

50 8M HNO3 containing Ru3+ 1 mg/l 

Ce3+ 0.5 mg/l 
Fe3+ 200 mg/l 
Cr3+ 50 mg/l 
Ni2+ 50 mg/l. 

55 

The results obtained are shown in Table 5. 
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Table 5 



10 



15 



20 



25 



Combination of materials 


Use of Ta foil 


Rolling conditions 


Corrosion depth (|j,m) 


SUS 304L/Zr 


used 


e 


0, 


0 


not used 


e 


400, 


72000 


SUS 304L/Ti-5%Ta 


used 


e 


0, 


0 


not used 


e 


350, 


71800 



It is understood from the results shown in Table 5 that corrosion occurs in the bonded interfaces in the corrosion 
resistance test specimens in which a tantalum layer 14 is not provided, and that corrosion does not occur in the bonded 
interfaces of the corrosion resistance test specimens of Examples 1 and 2 in which tantalum layers 14 are provided. 
Accordingly, it can be said that the corrosion resistance of a bonded surfaces of a transition pipe joint manufactured by 
using a stainless steel or a nickel-base alloy and a zirconium material or a titanium material can be improved by inter- 
posing a tantalum layer between the surfaces to be bonded. 

In the above-described embodiments, the inner layer member 11 or 21 is removed with respect to the whole length 
of the rolled clad pipe, but the present invention is not limited to such a transition pipe joint. A dissimilar metal transition 
pipe joint one end portion of which comprises the intermediate layer member 12 or 22, and the other end portion of 
which comprises the inner layer member 11 or 21 may also be manufactured by removing the outer layer member 13 
or 23 with respect to the whole length of the clad pipe. 

As being apparent from the foregoing, according to the present invention, an outer layer member, an intermediate 
layer member the deformation resistance of which is lower than that of the outer layer member, and an inner layer 
member comprising the same kind of metal as the outer layer member are fitted in order, and bonded with one another 
by rolling. Therefore, the outer and inner surfaces of the intermediate layer member can be bonded excellently with the 
outer and inner layer members by uniformly deforming the intermediate layer member, and a dissimilar metal transition 
pipe joint of a large diameter having a high bonding strength can be manufactured. 



30 



Claims 



35 



40 



A method of manufacturing a dissimilar metal transition pipe joint both axial end portions of which comprise metal 
pipes formed out of different kinds of metals, characterized in that it comprises the steps of 

fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an inter- 
mediate layer member of a metal pipe of a low deformation resistance with said intermediate layer member inter- 
posed between said inner and outer layer members to thereby form a composite pipe; 

heating said composite pipe; 

rolling the heated composite pipe at an elongation ratio of 1 .05 to 1 .25 by using a rotary rolling mill provided 
with three or four rolls to thereby form a clad pipe; 

leaving a portion of said outer or inner layer member at one end portion of said clad pipe with the remaining 
layer members removed; and 

leaving a portion of said intermediate layer member at the other end portion of said clad pipe with the remaining 
layer members removed. 



45 



A method of manufacturing a dissimilar metal transition pipe joint according to claim 1 , wherein said inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy, said intermediate layer member is formed 
out of aluminum or an aluminum alloy, and said composite pipe is heated to 450 to 620 °C. 



50 



55 



A method of manufacturing a dissimilar metal transition pipe joint both axial end portions of which comprise metal 
pipes formed out of different kinds of metals, characterized in that it comprises the steps of 

fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an inter- 
mediate layer member of a metal pipe of a low deformation resistance with said intermediate layer member inter- 
posed between said inner and outer layer members and with tantalum layers interposed between said inner and 
intermediate layer members and between said intermediate and outer layers members to thereby form a composite 
pipe; 

heating said composite pipe; 

rolling the heated composite pipe at an elongation ratio of 1 .05 to 1.25 by using a rotary rolling mill provided 
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with three or four rolls to thereby form a clad pipe; 

leaving a portion of said outer or inner layer member at one end portion of said clad pipe with the remaining 
layer members removed; and 

leaving a portion of said intermediate layer member at the other end portion of said clad pipe with the remaining 
layer members removed. 

A method of manufacturing a dissimilar metal transition pipe joint according to claim 3, wherein said inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy, said intermediate layer member is formed 
out of a zirconium material or a titanium material, and said composite pipe is heated to 800 to 1200 °C. 

A method of manufacturing a dissimilar metal transition pipe joint according to claim 1 , 2, 3 or 4, wherein said metal 
pipe of said outer layer member has a ratio of a wall thickness thereof to an outer diameter thereof of not more than 
0.08. 
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FIG. I 
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FIG. 3 
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FIG. 5 
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